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INTRODUCTION 
 
Stem, or black, rust of wheat, caused by fungus Puccinia 
graminis Pers. f. sp. tritici Eriks. & E. Henn., remained 
under control for almost 40 years through the use of 
genetic resistance. Race Ug99 (TTKSK on North 
American nomenclature system) possess a unique 
combination of virulences that renders over 90% of 
worlds’ wheat cultivars and breeding materials 
susceptible. Its spread beyond East Africa to Yemen, 
Sudan and Iran, and further evolution to overcome two 
additional resistance genes, Sr24 and Sr36, has lead to a 
major effort to identify effective sources of resistance, 
and replace susceptible cultivars in countries under high 
risk of epidemics caused by Ug99. We present progress 
made so far in identifying race-specific and adult plant 
resistance to Ug99 and its derivatives in CIMMYT 
spring wheat breeding materials, ongoing breeding to 
develop adult plant resistant (APR) wheats, and efforts 
to replace susceptible cultivars.  
IDENTIFICATION AND CHARACTERIZATION 
OF RESISTANCE SOURCES 
Field screening of released cultivars, international 
nurseries and advanced breeding materials from 
CIMMYT initiated at Njoro, Kenya in 2005 to identify 
sources of resistance. These materials were sown as 
paired row plots of 1 m length with perpendicular 
spreader rows consisting of a mixture of susceptible 
varieties on one side of each plot. Although it is 
common for stem rust to initiate epidemic naturally, the 
spreaders were inoculated artificially with inoculum 
collected during the previous crop season and stored in a 
refrigerator after vacuum drying. Disease severity based 
on the modified Cobb Scale and host reactions (Roelfs et 
al. 1992) were evaluated twice or thrice at about week 
intervals with first notes initiating when susceptible 
checks displayed 70-80% severity.  
 
Wheat lines considered to carry adequate resistance; i.e. 
up to 30% severity when susceptible checks had become 
necrotic following 100% severity, were evaluated at the 
seedling growth stage with Ug99 and when necessary 
with its Sr24 and Sr36 virulent variants at USDA-ARS 
Cereal Disease Laboratory, St. Paul, MN. Testing 
procedure is described in Jin and Singh (2006). Presence 
of known effective race-specific resistance genes was 
hypothesized by using the seedling infection type data 
that was supplemented by the presence of molecular 
markers for alien resistance genes Sr24, Sr25, Sr26 and 
Sr36, seedling tests conducted at CIMMYT, Mexico 
with P. triticina races avirulent to Lr24 and Lr19, and 
using the pedigree information. Wheat materials 
showing high seedling reactions were considered to 
carry APR. 
 
Table 1. Stem rust resistance of entries included in 
1st, 2nd and candidate lines for 3rd SRRSN (Stem Rust 
Resistance Screening Nursery)  
Response 1stSRRSN 2ndSRRSN 3rdSRRSN 
category No. % No. % No. % 
Adult-plant1:      
R 4 4 0 0 6 4 
R-MR 19 18 26 20 42 28 
MR 6 6 22 17 36 24 
MR-MS 2 2 15 12 0 0 
MS 0 0 17 13 0 0 
S 0 0 4 3 0 0
       
Race-specific:      
Sr24 39 38 0 0 0 0 
Sr25 17 17 0 0 18 12 
Sr36+Sr24 0 0 0 0 5 3.3 
Sr1A.1R 2 2 0 0 0 0 
SrTmp 0 0 25 20 11 7.3 
SrSynt 4 4 8 6 6 4 
SrSha7 9 9 8 6 8 5.3
SrND643 0 0 0 0 12 8 
SrUnknown 1 1 3 2 6 4
Total 103   128   150   
1 Adult plant response categories R, R-MR, MR, MR-
MS, MS and S include lines with susceptible seedling 
reactions in greenhouse tests and with maximum highest 
severity ratings of 5-10, 15-20, 30, 40, 50-60, 70-100%, 
respectively recorded during multiple years/seasons 
testing when the susceptible checks annihilated 
following 100% stem rust severity. 
 
The distributions of race-specific resistance genes and 
lines with different levels of APR in the three SRRSN 
(Table 1) indicate genetic diversity for both types of 
resistance. Lines with gene Sr24 were distributed only in 
the 1st SRRSN and were eliminated from the subsequent 
nurseries due to the detection of the Sr24-virulent 
variant of Ug99. Other effective race-specific resistance 
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genes included in nurseries were Sr25 and temporarily 
designated genes Sr1A.1R (located on the Amigo 1A.1R 
translocation), SrTmp (Triumph), SrSynt (Synthetic 
wheat, not known whether Sr33 or Sr45), SrSha7 
(Shanghai 7), SrND643 (ND643), SrUnknown (could not 
be tracked to any specific origin). Combination of Sr24 
and Sr36 continue to be effective with Ug99 and its 
variants. Other effective resistance genes that are 
considered to be useful include Sr22, Sr26 and Sr35 but 
were not present in any CIMMYT wheats. Twenty-eight, 
37 and 56% of the lines in the three nurseries possess 
adequate APR grouped in R, R-MR and MR categories 
(Table 1). Most of the APR sources are in high-yielding 
backgrounds. Ten APR sources are listed in Table 2 
together with stem rust ratings recorded during two crop 
seasons. ‘Pavon 76’, ‘Kiritati’ and ‘Kingbird’ were the 
best APR sources with consistently low disease 
severities recorded since testing initiated in 2005. 
 
MULTI-SITE YIELD PERFORMANCE 
 
Selected high yielding, white grained Ug99 resistant 
lines were multiplied at El Batan during 2006. Twenty-
eight sets of the 2nd EBWYT (Elite Bread Wheat Yield 
Trial), prepared as 30 entry trials with 3-replicates in 
alpha-lattice arrangement, was distributed to 28 sites in 
11 countries (Mexico, India, Nepal, Pakistan, Iran, 
Afghanistan, Egypt, Turkey, Sudan, Syria and Ethiopia) 
and performance data was obtained from 25 sites. Based 
on three season testing, 10 entries included in this trial 
had adequate resistance (<30% rust severity in all tests) 
based on Sr25 (2 entries) or APR (8 entires). Stem rust 
severity on five lines (3 with APR and 2 with SrTmp) 
went up to 40% with MR-MS reaction. Two Sr24 
carrying lines showed inadequate resistance in 2007 due 
to the presence of Sr24-virulent variant of Ug99. The 12 
remaining did not carry adequate resistance to Ug99 but 
were included to determine their yield performance. 
 
At least three resistant lines with superior mean yield 
performance could be identified in each country (Figure 
1). ‘Waxwing*2/Kiritati’, the best performing line in 
India with APR, had 17% higher mean yield than the 
check. This line was also among the best performers in 
other countries and mean across 25 sites. At least three 
lines were selected by National Programs in each 
country for wider testing and simultaneous seed 
multiplication.     
 
Fifty sets of 3rd EBWYT were prepared and distributed 
to 21 countries (Bangladesh, India, Pakistan, Nepal, 
Afghanistan, Iran, Turkey, Syria, Egypt, Sudan, Mexico, 
Ethiopia, Saudi Arabia, Yemen, Morocco, Tunisia, Iraq, 
Azerbaijan, Tajikistan, Uzbekistan and Kenya) for 
growing in 2007-2008 crop season. Twenty-one entries 
had APR in following categories (based on two season 
data and last notes taken when susceptible check was 
dead following 100% severity): R (<10% severity) = 1, 
R-MR (15-20% severity) = 15, MR (30% severity) = 5, 
whereas resistance of 4 entries was based on Sr25, two 
on SrTmp and 1 on an unknown gene. One entry went in 
the MS category when the last stem rust notes were 
taken after the preparation of 3rdEBWYT. Multi-site 
performance results are unavailable for reporting. 
 
MEXICO-KENYA SHUTTLE BREEDING  
 
The low frequency of high-yielding APR sources 
identified so far were due to the latent diversity in 
CIMMYT wheat germplasm. Two approaches are being 
used to build high levels of polygenic APR in high 
yielding wheat materials: 1) incorporating it in adapted 
varieties and elite breeding materials from sources 
identified to carry high levels of APR through a ‘single-
backcross, selected-bulk’ breeding approach (Singh and 
Trethowan 2007) and 2) inter-crossing high yielding 
materials identified to carry intermediate levels of 
resistance. A Mexico-Kenya shuttle breeding scheme 
was initiated in 2006 where space-sown plants in the 
BC1 (F1-Top), F2 and sometimes F3 populations were 
first selected in Mexico at Ciudad Obregon and Toluca 
for agronomic characteristics and resistance to leaf and 
yellow rusts, and spikes harvested as bulk. About 600 
seeds of the resulting F3 and F4 populations were dense 
sown at Njoro during the off-season (Dec.-April) under 
high stem rust pressure and bulk harvested after remving 
taller plants by trimming. Because stem rust causes grain 
shrivelling, about 500 plump grains from each 
population were selected to grow the next generation 
during the main season (June-October) at Njoro. Plants 
with low disease severity and good agronomic 
characteristics were selected; spikes harvested as bulk, 
and 400 plump grains were space-sown at Cd. Obregon 
for selecting individual plants in the F5 and F6 
generations. Plants retained after grain selection were 
sown during May 2008 as small plots at El Batan and 
Toluca to select plots displaying desired agronomic 
characteristics and resistance to leaf and yellow rusts. 
Selected lines will be characterized for stem rust 
resistance at Njoro, yield performance at Cd. Obregon 
and yellow rust resistance at Quito, Ecuador. We shall 
be able to judge the progress by October 2009 when 
yield results from Mexico and Ug99 resistance data are 
compiled. The second group of F3 and F4 populations 
were grown at Njoro during the 2007-2008 off-season. 
 
CONCLUSION 
 
Significant progress was made in identifying diverse 
sources of race-specific and adult plant resistance to 
Ug99 and its variants in CIMMYT wheat germplasm 
since testing initiated in 2005 at Njoro, Kenya. 
Deployment of high yielding wheats with APR in 
various countries in the migration path of Ug99 should 
reduce the risks of epidemics and its further evolution to 
succumb currently effective race-specific resistance 
genes. CIMMYT breeding strategy for spring wheat is 
develop high yielding wheats with high levels of 
polygenic APR to Ug99 in combination with other 
desirable traits including APR to leaf and yellow rusts. 
This will allow successful deployment of effective race-
specific resistance genes in facultative and winter wheat 
areas if used in combinations. 
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Table 2. Stem rust ratings of ten adult plant resistant wheats and the susceptible check during 2007 off-season 
(recorded once) and 2007 main-season (recorded thrice) at Njoro, Kenya. 
 
      Stem rust Stem rust-main season 
Variety/ Cross Cid Sid Off-season 25-Sept 1-Oct 11-Oct 
Pavon F 76 7624 7 10 M 1 M 5 M 5 M 
Kiritati 313246 51 15 M 1 M 10 M 10 MS 
Kingbird 393365 90 5 MSS 1 MS 5 MS 5 MSS 
Pfau/Weaver//Kiritati 436846 63 10 MSS 1 MS 5 MSS 10 MSS 
Waxwing*2/Kiritati 448400 10 20 M 5 MR 15 M 15 M  
Waxwing*2/4/Sni/Trap#1/3/ 
           Kauz*2/Trap//Kauz 
448401 94 20 M 5 MR 10 MS 10 MS  
Weebill_1*2/Kiritati 448409 61 20 M 10 M 15 M 15 M  
Kiritati//PBW65/2*Seri.1B 459341 9 20 M 1 M 10 M 20 M  
Kiritati//2*Seri/Rayon 476939 52 10 M 1 RMR 10 MSS 10 MSS 
Seri.1B*2/3/Kauz*2/Bow//Kauz/4/ 
          PBW343*2/Kukuna 
480908 46 15 M 5 M 10 M 15 MS 
Canadian/Cunningham//Kennedy 
          (Susceptible Check) 
394715 148 100 S 80 S 100 S 100 S 
 
Figure 1. Yield performance of the local checks and three best Ug99 resistant bread wheat lines across 25 sites in 
nine countries and mean performances in seven countries. 
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